J 



Europalschee Patentamt 
European Patent Office 

Offlee europeen dee brevets 



(12) 



(43) Date of publication: 

27.01.1999 Bulletin 19$a/04 

(21) Application number: 98305784.5 

(22) Date of fifing: 21.07.1998 



(H) EP 0 893 332 Al 

EUROPEAN PATENT APPLICATION 

(51) mtC!«: B62D 29/00 



(84) Designated Contracting States: 


(71) Applicant: HENKEL CORPORATION 


AT BE CHCYDE DK ESRFRGBGRIE ITULU 


Plymouth Meeting, PA 19462 (US) 


MC NLPTSE 


Designated Extension States: 


(72) Inventor Wycech, Joseph a 


ALLTLVMKROSI 


Groeee Pointe Woods, Ml 48236 (US) 


(30) Priority: 21.07.1997 US 53264 P 


(74) Representative: W.R THOMPSON & CO. 


23.06.1998 US 103033 


Coopers Building. 




Church Street 




Liverpool L1 3AB (GB) 



(54) Method for reinforcing structural members 

(57) A method for reinforcing a selected portion of a 
structural pan (28) utilizes a flexible tube (20) having an 
unexpanded, preferably thermally expandable resin 
sheath (22). The sheath may be limited to a selected 
region along the length of the flexible tube. The flexible 
tube is inserted through a curved passage (30) and con- 
forms to the geometry of the part to be reinforced (28). 



After the portion of the tube having the sheath (22) 
reaches the desired location, the tube is secured in 
place. Upon heating, the resin (22) expands to several 
times its original volume and fills the structural cavity 
(30) only at that region. The structural part (28) may be 
part of a motor vehicle, for example an A-pillar joint, or 
a seat frame, or a roll-bar. 
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Description 

The present invention relates generally to the reinforcement of hollow structural members and more specifically 
deals with reinforcement of structures having enclosed regions that present special access problems. 
* In recent years, a number of factors have necessitated fundamental changes in the approach to automotive struc- 

tural design. These include the need to meet ever-increasing impact resistance and fuel economy standards and the 
need to produce a competitively priced vehicle in a global marketplace. At times, these requirements are seemingly 
at odds with one another. For example, impact resistance can in most cases be achieved simply by increasing steel 
thickness or through the use of high strength steels. These approaches, however, generally increase vehicle weight 
70 and/or cost Although light-weight resins are available which can be used to fiO entire hollow cavities of structural 
members to provide greater strength, these materials are expensive and thus their use in great quantities undesirably 
increases vehicle cost 

The prenmtt inventor has pioneered a novel approach to structural part reinforcement through localized reinforce- 
ment of critical regions using microsphere-fiDed thermally expandable resins, such as: a composite door beam which 
is has a resin-based core that occupies not more than one-third of the bora of a metal tube; a hollow laminate beam 
characterized by high stiffness-to-mass ratio and having an outer portion which is separated from an inner tube by a 
thin layer of structural foam, a W-shaped carrier insert reinforcement which carries a foam body for use in reinforcing 
a hollow beam; a bulkhead that utilizes a thermally expandable foam to provide localized reinforcement of a rail for the 
attachment of an engine cradle or the like. 

Although these techniques are well suited for a number of applications, there exists a need for localized reinforce- 
ment of regions having special access problems. More specifically, in a number of hollow structural parts the member 
has an enclosed region or space which is located some distance from the opening of the space and is difficult to reach 
due to a curvature or bend in the member. In some instances the member and the channel which it defines have an 
irregular geometry that makes access to a particular internal region difficult. Of course, in some instances it may be 
** possible to simply fill the entire structure with a liquid resin which is then cured, but as stated above, this approach 
may be prohibitively expense in a number of applications. Accordingly, there is a need for an alternative method of 
providing localized reinforcement of such parts. The present invention provides a solution to this problem 

It is an object of the present invention to provide a method of providing a local reinforcement in a region of a hollow 
structural part which is difficult to reach using conventional techniques, 
w It is a further object of the present invention to provide a method of introducing a localized resin reinforcement in 
a structural part where the region to be reinforced is beyond a curvature in a channel. 

It, is still a further object of the present Invention to provide a method of centralizing a resin reinforcement in a 
hollow structural part In a region which is difficult to access. 

In one aspect the present Invention provides a method of reinforcing a part in a localized region. The method 
» includes the steps of providing a flexible member having a length substantially greater than its width; covering at least 
a portion of the flexible member with a thermally expandable resin; and inserting the flexible member into the cavity of 
a hollow structural part The insertion step includes the step of bending the flexible member to accommodate the 
geometry of the part cavity. The resin is then thermally expanded such that the resin is bonded to the structural part 
In this manner, localized reinforcement can be achieved for any number of parts whose internal geometry would make 
*o it difficult or impossible to reinforce using conventional techniques. 

In one aspect, the flexible member is a tube around which the resin is applied as a layer or coating. The resin- 
coated tube is then inserted in the structural part and bends as pressure is applied such that it can be fed into the part 
cavity, i.e. it conforms to the desired shape as it is inserted Into the part 

In one aspect the resin includes a blowing agent and glass microspheres. After the flexible member is in place in 
the part, the part is heated, for example after installation in a motor vehicle, to a temperature sufficient to activate the 
blowing agent and thermally expand the resin. As the resh expands it bonds to the inner walls of the part forming a 
tube-in-tube type structure'with high strength characteristics. 

In one aspect the thermally expanded resin includes, in parts by weight from about 40% to about 80% resin, from 
about 10% to about 50% microspheres, from about 0.5% to about 5% blowing agent, from about 1% to about 15% 
filler, from about 0.5% to about 2% accelerator and from about 1% to about 8% curing agent 

In still another aspect the flexible member includes one or more stand-offs which space it from the inner w~!(s of 
the structural part * 

These and other aspects, features and objects of the invention will be more fully described in the following detailed 
description of the preferred embodiments of the invention with reference to the drawings. 
Figure 1 illustrates a resin support tube used in the method of the present Invention. 

Figure 2 illustrates a side elevational view partly in section showing the position of the unexpanded resin on the 
resin support tube. 

Figure 3 illustrates another resin support tube with a covering of unexpanded resin. 
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Figure 4 depicts a curved structural member in cross-section to ravmat the 
expansion of the resin. 8 res,n su PP° rt tubfl in P°^ion prior to 

Figure 5 depicts the curved structural member of Figure 4 In crass-s*etinn ro ,,_r 
an internal reinforcement cross-section, revealing the expanded resin forming 

Figure 6 is a front view of a resin support tube having radial standoffs fnr n«* 
Figure 7 ..an end view of the support tubeof Rgure 6^^^ 7? ™ emi ° a 
Figure 8 depicts a curved structural member in cross-section revaaiino th„ un .ll' ^ - 
of the stand-offs. raveaiing the unexpended resin and the placement 

Referring to Figures 1 and 2 of the drawings, flexible member or tube 20 Is shown « 
unexpanded resin sheath 22. Flexible member 20 is most preferably a ho^ , 11 °T, SefVeS 88 a support tof 
electrical wiring 23. Various flexible conduits will be 1^10^^^^^ 10 *S U8ed88 8 ter 
ccnduiUsametaiHe spiral tube which can be flexed vZJmSS^f * 8 ^ top ^ e ^ fl8, « e 
it may not be necessary for tube 20 to be roZT^J^^^Z^ZT^"^- ^ ^ 
be suitable. Where flexible member 20 is a hollow metal t^v^lTi^^ ^L" "V" 00 ""*™* 
riaveawall thickness of from about .5 toabout 1i m Tne^eterrfhS?" T "ill preferably 

but wi« typicaily be from about 8 to about 40 n^^^Cl^ 

preferabV 200 mm in most automotive applications, in eoniSLaSl ft 5£ to about 800 and 

limrt during pfceement In the structure ft£ IS^ed. In^ST^li^lT: bey0nd '*> alastic 

be used which is essentially spring biased In position in melu^^^?HS^^ a ^ e, ^ tub60rradcan 
particularly since it provides a lightweight strict iESTSS 37^^,™^° ™ * 
rods or tubes, rather than metal, as tube 20 in some appficatoa^ Wt ' tmayba d8airab,e » "»e plastic 

The length of tuba 20 la a function of the distance to the site to hm 
of tube 20 1, greater than if diameter or width and I ^ ^^S^^^Tt^^ST 9 - ^ 
may be 20 times and often more than 100 times lonaer thm »E2™*L 1 8 pre,wab V at least 5 times or 

20 will have a length of from about 50 to X aK^l!^^ JS""" Wfaito * »• 
substontiaUy aO of tuba 20a. shown ae a spiral conduit™ g^a, ^ ^ b ° * cover 

Res,n sheath 22 in most applications will be a layer extending around ^T" 
usually be of relatively uniform thickness, for example from^S fSS? ™ ^ " tUbe 20 8nd wfll 
sheath 22 can be prepared by die cutting a sheet of resin to Ihmm^L ~ . " ^ ""eWded state. Resin 
around tube 20. Alternately, the coating may be mS l^L ^T.ZT^ ^ Wmpp<n 8 p "~* 
of coating, such a. by spraying or the nke tt to "»a other forms 

The polymer used to form resin sheath 22 is a resin ha«AH mom^i ..^ ^ . 
number of resin-based compositions eTi KShTh 'S*' - ! J""-* 8Xpandab ' 8 A 
compositions impart excellent strength and stiffness charaS sri^c. SLL f Ment &W8ntion - The P™'""* 
specific reference now to the composition of sheam 22^1^J^ !* ^ "^B^ to the weight with . 
pounds percubic feet toaboutSOpounds 9^^^^^^^ b ' ,nm *" 20 

ature and the temperature at which chemfcal breakdown SEiTaE^! 2 ° ^ ttetortion ,emper - 
maintains its structure at high temperature, typ^ h, S" «* that sheath 22 

should be able to withstandlemperatures in Sd TeZT^ ^ 7h8re '° re ' 

As used herein, the term -cell-forming agent* refen ^enS ta ™;,^ S^!^*' 88 " 1 a flexible epoxy. 

sheath 22. That is. sheath 22 has a ceSular sTrortur" ^^JL^^^^T bt ^^ vem ^ 
^eprovidesak^^ 

agents which are compatible with the present hvento WuoH^ CelMorming 
which may be formed of either glass or plastic flSJSSSl^ J? I . * mcm *&* { ** « mfcrobubbles 
agentmaycompriseabk^gaU^ic^ba^ *» "'"onnhg 

^-Hormhgag^con^ 

percent by weight preferably from about 15 percent to abouUS percent bvwS 1° pereart <° about 50 

toabout 40percent by weight of the "^which f^^ 

agent it constitutes from about 0.5 percent to about 5 0 oe^^Z!£ "? 39ent a "towmg 

4.0 percent by weight and most pretoratty tonSo " 2 JSR S? ,e ' ab 5' ,rem ^ 1 p « re «« •» about 

filiers include glass or plastic mfcrospheres. Z^^^^?™*™** - - — i 22. Suteble 
^Afltbcotropcflllarlspart^ 
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percent to about 15 percent by weight preferably from about 2 percent to about 10 percent by weight and most pref- 
erably from about 3 percent to about 8 percent y weight of sheath 22. 

Preferred synthetic resins for use in the present invention include thermosets such as epoxy resins, vinyl ester 
resins, thermoset polyester resins, ami urethane resins. It is not intended that the scope of the present invention be 

s limited by molecular weight of the resin and suitable weights will be understood by those skilled in the art based on 
the present disclosure. Where the resin component of the liquid filler material is a thermoset resin, various accelerators, 
such as imidazoles and curing agents, preferably dicyandiamtda may also be included to enhance the cure rate. A 
functional amount of accelerator is typically from about 0.5 percent to about 2.0 percent of the resin weight with cor- 
responding reduction in one of the three components, resin, cell-forming agent or filler. Similarly, the amount of curing 

io agent used Is typically from about 1 percent to about 8 percent of the resin weight with a corresponding reduction in 
one of the three components, resin, cell-forming, agent or filler. Effective amounts of processing aids, stabilizers, col- 
orants, UV absorbers and the like may also be included in layer. Thermoplastics may also be suitable. 

In the following table, a preferred formulation for sheath 22 is set forth. It has been found that this formulation 
provides a material which fully expands and cures at about 320 degrees F. and provides excellent structural properties, 
is All percentages in the present disclosure are percent by weight unless otherwise specifically designated 



INGREDIENT 


PERCENTAGE BY WEIGHT 


ETON 828 (epoxy resin) 


37.0 


OER 331 (flexible epoxy resin 


18.0 


DI-CY (dcyandamide curing agent) 


4.0 


IMI01ZOLE (accelerator) 


0.8 


FUMED SILICA (thixotropic filler) 


1.1 


CELOGEN AZ199 (azodicarbonamide blowing agent) 


1.2 


B38 MICROS (glass microspheres) 


37.0 


WINNOF1L CALCIUM CARBONATE (CaCO a filler) 


. a9 I 



Referring now to Rgure 4 of the drawings, structural part 24 is seen in cross section and defines cavity 26. For 
the purpose of illustration only, structural part 24 is shown here as a portion of an automotive roll bar. Other preferred 
applications are for use in reinforcing top A-pillar joints and seat frames. Structural part 24 has an arcuate or curved 
portion 28 which defines an arcuate portion 30 of cavity 26. Cavities similar to cavity 26, i.e. those which are difficult 
35 to access, are the focus of the present invention. Flexible tube 20 is 6hown in position in cavity 26 prior to thermal 
expansion of the resin. Tube 20 is bent to conform to the shape of cavity 26. This shaping operation is preferably 
performed in place, in other words, flexible tube 20, having resin sheath 22 posit toned at a preselected location relative 
to the ends of tube 20, in inserted into cavity 26. As force is applied to tube 20 it moves farther through the passage. 
As it encounters resistance from the inner walls 32, flexible tube 20 bends, thereby 'snaking* its way through cavity 
40 26, including beyond arcuate portion 30. Alternatively, it may be poss tole in some applications to bend tube 20 to a 
conforming geometry prior to inserting it into cavity 26. Flexible tube 20 is inserted a distance sufficient to bring resin 
sheath 22 into position at arcuate portion 28. Once in position, outer end 34 of tube 20 is clamped into position relative 
to tube 20 with a clamp (not shown) or otherwise fixed in position, if required. 

The cavity 26 is of non-straight linear geometry which could be more complicated than having simply one bend 
4S with its arcuate portion such as illustrated in Rgure 4. Where there are multiple bends or Irregularities a resin sheath 
22 could be provided for some or all of these irregularities, this could be done by providing individual spaced resin 
sections or by providing one or more continuous resin sections which are located at two or more bends. 

Referring now to Figure 5 of the drawings, resin 22 is shown in the expanded state. That is, once tube 20 and 
resin 22 are in position in structural part 24, the resin is expanded by heating the entire assembly to a temperature 
so which activates the blowing agent to expand and cure resin sheath 22. In automotive applications that is typically 
achieved as the vehicle moves through the paint oven. Resin 22 expands to several times its original volume, preferably 
at least twice its original volume. The expanded resin contacts and bonds firmly to surrounding walls 32 of structural 
part 24. It also cures to form a rigid reinforcement in part 24. In this manner, a minimum amount of resin is used at the 
precise location where reinforcement is required. 
55 Referring now to Figures 6 and 7 of the drawings, tube 20 Is provided with radical stand-off assembly 36 which 
has legs 38, typically two to four in number. As seen in Rgure 8, stand-off assembly 36 serves the function of generally 
centering tube 20 in structural part 24. It may be preferable to make legs 38 somewhat resilient, i.e. it may be desirable 
to allow legs 38 to flex inwardly as tube 20 is inserted into cavity 26. 
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While me invention has been described primarilv in ^ 

mOVeni8nI - «"* ■» invenCTba SSSS^ anything 
b«ld»ig$. to prowde a rigid support when subjected to vibn^ s^ ^ ^ W ^ slructure «- ^ as 
"ghtweightsuppon for structures subjected to loads. JHWnTtS? M 8art1t ' uajM <o simply to provide a 
respect to haat expandable foam, and with re^to^S'^L J T™ 0 " bo8n ^beVpnrrSytth 
other material, can be used. For example. ai.TEJS£ P^^th. flexiZS? 

^vatedintc expanse and toons a rigid stn^^^nax^JT"" ^ 13 «*^y 

metal such as various plastios or polymeric n^riaisT«ndus^T!^ ^ * materials otheTSn 

to function as a back dmp or support for the foam^^^l^'^ ™°">* "aving sufficient rigS? 
be able to withstand the heat encountered during the haai^?^ ^ fa Met,lhft fl«Wemernbersf3 
however, if Is not necessary that the flexible meSTb filTZESS" * PM * 1oam ««S 
quirement for the flexible member is that It nave sXern TJ^ZT^t ■ ^ ,ftm P«atu««. Instead, the bastare- 
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11. The method of reinforcing a part recited in any of the preceding claims, wherein the flexible member is hollow and 
has a wall thickness of from 0.5 to 1 .2 mm. 

12. The method of reinforcing a part recited in any of the preceding claims, wherein the flexible tube is formed of metal. 

13. The method of reinforcing a part recited in claim 12, wherein the metal is aluminum. 

14. The method of reinforcing a part recited in any of the preceding claims, wherein the flexible member is ineiastically 
deformed priortothe insertion step, the deformation being such that the flexible member conforms to the geometry 
of the cavity. 

15. The method of reinforcing a part recited in any of claims 1 to 13, wherein the flexible member is shaped during 
the insertion step by contact with the part. 

16. The method of reinforcing a part recited in any of the preceding claims, wherein the flexible member is secured in 
the part prior to the expansion step. 

17. The method of reinforcing a part recited in any of the preceding claims, wherein substantially all of the flexible tube 
is covered by the expandable resin. 

1a The method of reinforcing a part recited in any of the preceding claims, wherein the resin is thermally expandable 
and includes, in parts by weight, from 40% to 80% resin, from 1 0% to 50% microspheres, from 0.5% to 5% blowing 
agent, from 1% to 15% filler, from 0.5% to 2% accelerator and from 1% to 8% curing agent 

19. The method of reinforcing a part recited in any of the preceding claims, wherein the resin is thermally expandable 
and includes, in parts by weight, 55% epoxy resin, 4% dlcyandiamide curing agent. 0.8% imidizole accelerator, 
1.1% fumed silica. 1.2% azodicarbonamide blowing agent, 37% glass microspheres, and 0.9% cacium carbonate 
filler. 

20. The method of reinforcing a part recited in any of the preceding claims, wherein the flexible member is a hollow 
tube with electrical wiring extending longitudinally therein. — 

21. The method of reinforcing a part recited in any of the preceding claims, wherein the cavity is of non-straight linear 
geometry having at least one bend, and the flexible member is snaked through the cavity until the resin is located 
at the bend. 

22. The method of reinforcing a part recited in any of the preceding claims, wherein there are a plurality of bends, and 
the resin is located at more than one of the bends. 

23. The method of reinforcing a part recited in any of the preceding claims, wherein the resin is a die cut sheet which 
is wrapped around the flexible member or is a coating molded onto the flexible member. 

24. The method of reinforcing a part recited in any of the preceding claims, wherein the flexible member is a spiral 
wrapped tube. 

25. The method of reinforcing a part recited in any of the preceding claims, herein the part is a vehicle part, the resin 
is thermally expandable, and the resin is expanded in a vehicle paint oven during a painting step. 

26. A method of reinforcing a structural part (24) having a space (26) which is difficult to access due to the geometry 
of the part, comprising the steps of: 

providing a hollow flexible member (20) having a length at least five times its diameter or width; 
coating at least a portion of the flexible member with an expandable resin (22); 

Inserting the nexible member into the cavity of a hollow structural part, the inserting step including the step of 
bending the flexible member to accommodate the geometry of said cavity; 
securing the flexible member in the structural part; and 

expanding the expandable resin such that the expandable resin is bonded to the said structural part. 
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27. A reinforced structural pan comprising a rigid part (24) havino an at*,™^ , 

w.th a, least one bend, a flexible member (20) located °' ^ Seomelry 

ream layer (22) on said flexible member disposed at said bend / JS 1 ,nc,udm 9 tnrou 9h said bend, a 

which expands when activated, and said resin layer being e^^LTJ^"^ ^ madB °' StfUC,urai ,cam 
part at said bend. "3 expanded into intimate contact with and bonded to said 

28. The part of claim 27, wherein part is a vehicle cart sBlactaa f«™ .u 

and a seat frame. P 8e,aCtad froni ,he 0»up consisting of a roll-oar. an A-pillar joint 

* 2EE££ ^ naXte,S membW iS ^ « — ^g extends ^ 

cavrty in resilient contact with the inner surface crfsakJpart. ^ outwardly extending legs in said 

31. A flexible member (20) having a length greater than its diameter or wi*h 

length is covered with an expandable resin (22). whereln at ,aast a portion of said 

32. A flexibfe member as claimed in claim 31 further comprising a spacer (36). 
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